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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject film 
having improved flexibility, suppressing generation of 
cracking peeling, etc., when exposed to an external force 
such as mechanical processing, and having an excellent 
electrical insulating property. 
SOLUTION: This polymerized film is obtained by 
subjecting (A) at least an acid anhydride of formulae I to 
III (X is nothing, CO, S02, O, etc.) and (B) at least a 
diamine of formula IV, formula V (R1 to R4 are each 
CH3, C2H5 or C3H7) and formula VI (Y is O, CO, S02, 
etc.), to an evaporated polymerization. Preferably, 
3,3\4,4'-bisphenyltetracarboxylic acid anhydride is used 
as an acid anhydride and 2,2~bis[4-(4-aminophenoxy) 
pheny]propane is used as a diamine. 
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* NOTICES* " 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim 1] The polyimide vacuum evaporationo polymerization film characterized by being formed 
in at least one vacuum evaporationo polymerization among the diamines indicated to be at least 
one of the acid anhydrides shown by the following chemical formula (A) or (C) by the following 
chemical formula (D) or (F). 



CLAIMS 



[Claim(s)] 




[Formula 1] 
0 



(A) 



X=/£U CO, SO, , 



O, C (CFa ), 



[Formula 2] 



o 





0 



(B) 



[Formula 3] 




CO 



o 



o 



[Formula 4] 
rf 2 N — CHj 




(D) 



[Formula 5] 
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(E) 



Ri ~R 4 — CHi Ci H5 Ca H? 



[Formula 6] 




(F) 



Y = 0, CO, SO* , CH 2 , 




-o-<g^so 2 -(g>-o- 

[Claim 2] an acid anhydride — ****** — the following — a chemical formula — ( — G — ) — 

being shown — having — three — three — ' — four — four — ' bisphenyl — 

tetracarboxylic acid — an anhydride — using — while — a diamine — ****** — the following - 

- a chemical formula — ( — H — ) — being shown — having — two — two a screw — 

[ — four (4-amino phenoxy) — a phenyl — ] — a propane — using — 

[Formula 7] 
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(G) 



(H) 



CH, 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the polyimide vacuum 
evaporation© polymerization film formed in the vacuum evaporation© polymerization of an acid 
anhydride and a diamine. 
[0002] 

[Description of the Prior Art] There were some which are obtained by carrying out the vacuum 
evaporation© polymerization of PMDA (pyromellitic dianhydride)/the ODA (4 and 4 , ~diamino 
diphenyl ether) as a polyimide vacuum evaporation© polymerization film conventionally formed in 
the vacuum evaporation© polymerization of an acid anhydride and a diamine, and the thing for 
which such a polyimide vacuum evaporation© polymerization film is formed on a base material — 
a base material — electric insulation — giving — **** — especially — electromagnetism, such 
as an iron core of a relay, — it was used for the preHnsulation of material etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the above polyimide vacuum evaporationo 
polymerization films had the property in which it was hard and was weak, and after they formed 
the vacuum evaporationo polymerization film on the base material, when they performed 
machining etc. to this base material and external force was applied, the crack arose on the 
vacuum evaporationo polymerization film, or the ablation phenomenon of a vacuum evaporationo 
polymerization film occurred, and they had the problem that properties, such as the electric 
insulation of a base material, will fall. 

[0004] this invention is made in view of the above-mentioned point, its flexibility improves, and it 
aims at offering the high polyimide vacuum evaporationo polymerization film of electric insulation 
with which generating of the crack at the time of external force, such as machining, acting, 
ablation, etc. was suppressed. 
[0005] 

[Means for Solving the Problem] The polyimide vacuum evaporationo polymerization film of this 
invention according to claim 1 is characterized by being formed in at least one vacuum 
evaporationo polymerization among the diamines indicated to be at least one of the acid 
anhydrides shown by the above-mentioned chemical formula (A) or (C) by the above-mentioned 
chemical formula (D) or (F). 

[0006] this invention — being according to claim 2 — a polyimide — vacuum evaporationo — a 
polymerization — a film — a claim — one — composition — in addition — an acid anhydride — 
****** — the above — a chemical formula — ( — G — ) — being shown — having — three — 

three — ' — four — four — ' bisphenyl — tetracarboxylic acid — an anhydride — using 

— while — a diamine — ****** — the above — a chemical formula — ( — H — ) — being 

shown — having — two — two 

[0007] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
The acid anhydride used by this invention is shown in the following chemical formula (A) or (C), 
and at least one is used for it. 
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[0008] 
[Formula 8] 

X=ttU CO, SOi , O, C CCF a ) a 

[0009] 

[Formula 9] 
o 
I 



D 

JO 



[0010] 

[Formula 10] 

o o 

0 o 



(A) 



(B) 



CO 



[0011] Moreover, the following chemical formula (D) or (F) shows the diamine used by this 

invention, and at least one is used for it. 

[0012] 

[Formula 1 1] 
rf. N — CH_ 




CHj — NHj 



(D) 



[0013] 

[Formula 12] 
R i 



R» 




H t N (TjS CH, \Cj) — NHl 




(E) 



Rj ~~R 4 -CHi Cs Hs -» Ca Ht 



[0014] 

[Formula 13] 
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(F) 



Y = 0, CO, S0 2 , CH 2 , 




CF, 



[0015] being such — an acid anhydride — and — a diamine — combination — ****** — for 
example — the following — a chemical formula — ( — G — ) — being shown — having — three 

— three — ' — four — four — ' bisphenyl — tetracarboxylic acid — an anhydride 

(PMDA) — the following — a chemical formula — ( — H — ) — being shown — having — two — 

two a screw — [ — four (4-amino phenoxy) — a phenyl — ] 

[0016] 

[Formula 14] 
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(G) 



CHa 

H> »-^^f^ 0 ^ NHi (H) 

[0017] In case the polyimide vacuum evaporationo polymerization film of this invention is formed 
on a base material, a vacuum evaporationo polymerizer as shown in draw i n g 1 can be used. The 
heater 2 for vacuum evaporationo tubs is prepared in the surroundings of the vacuum 
evaporationo tub 1 so that the enclosure of the vacuum evaporationo tub 1 may be carried out, 
and it enables it to have heated the vacuum evaporationo space 3 formed in the vacuum 
evaporationo tub 1 in this vacuum evaporationo polymerizer. Moreover, the vacuum pump 7 is 
connected to the vacuum evaporationo tub 1, and it enables it to have decompressed the inside 
of the vacuum evaporationo space 3 with the vacuum pump 7. 

[0018] Moreover, from the outside of the vacuum evaporationo tub 1, the two conductance 
sections 1 1a and 1 1b insert in in the vacuum evaporationo space 3, and are prepared in the 
vacuum evaporationo tub 1. These conductance sections 1 1a and 1 1b are formed in the shape of 
a closed-end cylinder, arrange a pars basilaris ossis occipitalis in the vacuum evaporationo space 
3, and arrange opening out of the vacuum evaporationo tub 1. moreover, two or more passage 
[ portion / which is arranged in the vacuum evaporationo space 3 of the conductance sections 
1 1a and 11b] — Holes 10a and 10b are drilled The raw material generating tubes 8a and 8b are 
connected to opening of vacuum evaporationo tub 1 outside of each conductance sections 1 1a 
and 1 1b, respectively, the heaters 9a and 9b for raw material generating tubes are formed in the 
surroundings of these raw material generating tubes 8a and 8b so that the enclosure of the raw 
material generating tubes 8a and 8b may be carried out, and it enables it to have heated the raw 
material generating tubes 8a and 8b. 

[0019] Moreover, while forming superficies reticulated in the vacuum evaporationo space 3, the 
rotation barrel 4 formed in tubed [ which both ends closed ] is arranged. The axis of rotation 5 
inserted in in the vacuum evaporationo space 3 is connected to this rotation barrel 4 from the 
outside of the vacuum evaporationo tub 1 , a motor 6 is connected to the edge of vacuum 
evaporationo tub 1 outside of the axis of rotation 5, axial rotation of the axis of rotation 5 is 
carried out by the motor 6, and it enables it to have rotated the rotation barrel 4. 
[0020] How to form a polyimide vacuum evaporationo polymerization film in a base material U 
using such a vacuum evaporationo polymerizer is explained. While supplying the acid anhydride S 
which consists of at least one thing in the acid anhydride first shown in raw material generating 
tube 8a which is one side beforehand by the above (A) or (C), the diamine T which consists of at 
least one thing in the diamine shown in raw material generating tube 8b of another side by the 
above (D) or (F) is supplied, and a base material U is supplied in the rotation barrel 4. And a 
vacuum pump 7 is operated and the inside of the vacuum evaporationo space 3 is decompressed 
to the suitable pressure for vacuum evaporationo polymerization reaction. The pressure in the 
vacuum evaporationo space 3 is set to 1x10-1 - 5x10-5Torr here, and advancing vacuum 
evaporationo polymerization reaction under this flow and pressure requirement sets to 1x10-2 - 
1x10-3Torr desirable still more preferably. Moreover, while operating a motor 6 and rotating the 
rotation barrel 4, the base material U in the vacuum evaporationo space 3 is heated to the 
suitable reaction temperature for vacuum evaporationo polymerization reaction at the heater 2 
for vacuum evaporationo tubs. It is desirable to heat a base material U at 180-250 degrees C 
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here, and to advance vacuum evaporationo polymerization reaction under these temperature 
conditions. 

[0021] Next, each raw material generating tubes 8a and 8b are heated at the heaters 9a and 9b 
for raw material generating tubes, and the acid anhydride S and Diamine T in each raw material 
generating tube 8a and 8b are evaporated. In order to evaporate an acid anhydride S at this time, 
making an acid anhydride S heat to 1 80-300 degrees C considers as 220-260 degrees C 
desirable still more preferably, and in order to evaporate [ and ] Diamine T, it may be 200-240 
degrees C to make Diamine T heat to 180-280 degrees C desirable still more preferably, thus, 
the acid anhydride S which evaporated, and Diamine T are introduced in the vacuum 
evaporationo tub 1 through each conductance sections 1 1a and 11b — having — passage of the 
conductance sections 1 1a and 11b — it is guided in the vacuum evaporationo space 3 through 
Holes 10a and 10b, and reaches to a base material U The acid anhydride S and Diamine T which 
reached the base material U form a polyimide vacuum evaporationo polymerization film by 
vacuum evaporationo polymerization reaction on a base material U. 

[0022] As shown in the following reaction formula (I), after an acid anhydride and a diamine react 
first and a polyamic-acid film is formed, formation of the polyimide vacuum evaporationo 
polymerization film by vacuum evaporationo polymerization reaction is performed here, when the 
dehydration ring closure reaction of a polyamic acid advances. 
[0023] 

[Formula 15] 

O O 

A A 

(3 R^s O + H 2 N— R 6 -NH 2 ! 

C C 

0 II 

0 o 



O O H H 
n o | i 

C C— N N- 

v/ V 

JZ* R 6 
HO-C C-OH 

D II 

o o 



n 



o o 

II II 

c c 

-> fN^R^ N-R e 4 

c c 

II II 

o o 



(I) 



[0024] It is R5 in a formula, and R6 here. The portion shown is arbitrarily chosen so that it may 
correspond to the acid anhydride and diamine which are shown by the formula (A) or (F), and n is 
the natural number, thus, the thing which neither a crack nor ablation can produce easily even if 
the polyimide vacuum evaporationo polymerization film of this invention formed can form 
thickness uniformly, and flexibility is high, and it performs machining etc. to the base material in 
which the polyimide vacuum evaporationo polymerization film was formed and applies external 
force — it is — electromagnetism — in case it applies to the base material used for material, 
the electric insulation and surface-protection nature can be improved 
[0025] 

[Example] Hereafter, this invention is explained in full detail according to an example. 
(An example 1 or 9) as a base material — electromagnetism, as press working of sheet metal is 
performed to soft iron and it is shown in drawing 2 To the ends of a base (width-of-face d1 
=13mm, depth d4 =3mm, and thickness d5 =1mm) 13 The iron core 12 of the configuration where 
the piece sections (height d6 =3mm and thickness d3 =1mm) 14 and 14 were set up, and the size 
between the piece section 14 and 14 was set to d2 =1 1mm was formed, and copper plating and 
nickel plating were performed to this front face. 

[0026] About each example, the polyimide vacuum evaporationo polymerization film was formed 
in the above-mentioned iron core 1 2 using the acid anhydride and diamine which are shown in 
Table 1 . When forming a polyimide vacuum evaporationo polymerization film, the acid anhydride 
was evaporated at 280 degrees C, it evaporated the diamine at 260 degrees C, it introduced to 
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the vacuum evaporationo tub, using an acid anhydride and a diamine 20g each, and the polyimide 
vacuum evaporationo polymerization film of thickness shown in Table 1 was formed on the iron 
core 1 2 within the vacuum evaporationo tub on condition that reaction temperature [ of 230 
degrees C ], and reaction pressure 2x10-2Torr. 

[0027] The acid anhydride in Table 1 (G), (B), and (C) are acid anhydrides shown by the above- 
mentioned chemical formula (G), (B), and (C), respectively, and the diamine a diamine (H) is 
indicated to be with the above-mentioned chemical formula (H), a diamine (J), and (K) are 
diamines shown by the following chemical formula (J) and (K) here, respectively. 
[0028] 

[Formula 1 6] 

CHj — NH 2 



(J) 



[0029] 

[Formula 17] 
Hb C z 




H 8 C 3 



C 2 H 6 




CH 2 — /QV_NH 2 



(K) 



C, H b 



[0030] (Example 1 of comparison) While using the acid anhydride shown with the above- 
mentioned chemical formula (G) as an acid anhydride, except having used ODA (4 and 4 , -diamino 
diphenyl ether) as a diamine, it carried out like the example 1 and the polyimide vacuum 
evaporationo polymerization film of 10 micrometers of thickness was formed in the iron core 12. 
(Initial withstand-voltage evaluation) After coiling about the phi0.042mm lead wire which gave 
urethane covering around the iron core 12 in which the polyimide vacuum evaporationo 
polymerization film of each example and the example of comparison was formed, 20 times, while 
removing covering of the end of lead wire to it, a part of polyimide vacuum evaporationo 
polymerization film of an iron core 12 was removed to it, and the metal side was exposed to it. It 
prepared such 30 samples at a time about each example and the example of comparison, the 
probe was applied to the metal exposed surface of an iron core 12, and the metal exposed 
surface of lead wire, respectively, and voltage was impressed by the slow rise with the 
dielectric-breakdown-test vessel (the product made from the Kikusui electron, lot number 
"TOS8650"), and when a leakage current was 10mA, it evaluated as what dielectric breakdown 
produced. 

(Withstand-voltage evaluation after machining) The iron core 1 2 in which the polyimide vacuum 
evaporationo polymerization film formed in each example and the example of comparison was 
formed Pouring of a LCP resin to metal mold 15 it is shown in drawing 3 (a) — as — ends — a 
fixture 16 — fixing — near the edge of the base 13 of an iron core 12 — fabrication — while 
attaching metal mold 15 — this fabrication — As it was made to harden and was shown in 
drawin g 3 (b), the flange section 17 which consists of a LCP resin moldings was formed near the 
edge of a base 1 2. Furthermore, applying the tension of 4g for the phi0.042mm lead wire 1 9 
which gave urethane covering to the portion pinched by the flange section 15 of the base 13 of 
this iron core 12 at this lead wire 19, as shown in drawin g 3 (c), 15000 turn volume times were 
carried out with the winding machine, and the coil 18 was formed. It prepared such 30 samples at 
a time about each example and the example of comparison, and the withstand voltage was 
evaluated like the case of initial withstand-voltage evaluation about this coil 1 8. 
(Surge voltage-proof evaluation) Using the iron core 12 of each example and the example of 
comparison, the coil 18 was formed like the time of the withstand-voltage evaluation after 
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machining, and it finished setting up a relay using this coil 18. It prepared such 30 samples at a 
time about each example and the example of comparison, and between this relay contact and the 
end-winding child, peak value was raised to every 250V from 1500V, surge voltage was 
repeatedly impressed by the standard impulse voltage wave of 1.2x50microsec, and the 
threshold value which dielectric breakdown produces was measured. 
.0031] The above result is shown in Table 1. 
;0032] 
Table 1] 





* fi « 
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2 


3 


4 


5 


6 


7 


8 


9 


1 






CG) 


CG) 


(G) 


(B) 


(B) 


(B) 


(C) 


CO 


(C) 


CG) 




(H) 


(J) 


(K) 


CH) 


(J) 


00 


(H) 


(J) 


(K) 


ODA 


[M (urn) 
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8 
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8 


1 0 






TOJffl 


mo 


2110 


2140 


2240 


2170 


2180 


2040 


1980 


2140 


2000 




2550 


2440 


Z410 


2500 


2400 


2410 


2410 


2320 


2410 


2430 




I960 


1900 


1880 


1980 


1880 


1930 


1780 


1380 


1580 


1850 






mm 


2250 


2150 


2190 


2220 


2180 


2190 


2010 


2090 


2190 


1750 






2650 


2530 


2530 


2580 


2500 


2590 


2380 


2430 


2530 


2200 




1900 


1790 


1850 


1950 


1820 


1960 


1870 


1850 


1980 


1200 


(ft 


r >m 

(V) 




2130 


1980 


2070 


2110 


3320 


2070 


2000 


1940 


1930 


1900 




2250 


2250 


2250 


2250 


2250 


2250 


2250 


2250 


2250 


2000 




2000 


1750 


2D00 


2000 


1750 


2000 


1750 


1750 


1750 


1750 



[0033] Table 1 shows — as — the example 1 of comparison — an initial withstand voltage — 
comparing — the withstand voltage after machining — falling — moreover, surge voltage-proof - 

- an example 1 or the thing of 9 — low — fixation in the fixture 16 of an iron core 12, and 
fabrication — attachment of metal mold 15 and lead wire 19 — winding — a time — carrying out 

— etc. — by the external force by machining, a crack and exfoliation of a polyimide vacuum 
evaporationo polymerization film arise, and the electric insulation of an iron core 12 falls At an 
example 1 or the thing of 9, there was almost no difference of an initial withstand voltage and 
the withstand voltage after machining, and after surge voltage-proof was also higher than the 
thing of the example 1 of comparison and external force was applied by the high flexibility of the 
polyimide vacuum evaporationo polymerization film of this invention with machining to it, the 
crack of a polyimide vacuum evaporationo polymerization film and generating of exfoliation were 
suppressed, and it has checked that the electric insulation of an iron core 12 was maintainable. 
[0034] 

[Effect of the Invention] As mentioned above the polyimide vacuum evaporationo polymerization 
film of this invention Since it is formed in at least one vacuum evaporationo polymerization 
among the diamines indicated to be at least one of the acid anhydrides shown by the above- 
mentioned chemical formula (A) or (C) by the above-mentioned chemical formula (D) or (F), the 
crack of the polyimide vacuum evaporationo polymerization film at the time of performing 
machining etc. to the base material in which ****** was high and formed this polyimide vacuum 
evaporationo polymerization film, and applying external force, and generating of exfoliation — it 
can suppress — as a base material — electromagnetism — the electric insulation of the base 
material when using material can be improved 



[Translation done.] 
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